In this paper, we obtain the solution of a new generalized reciprocal type functional equation in two variables and investigate its generalized Hyers-Ulam stability in non-Archimedean fields. We also present the pertinent stability results of Hyers-Ulam-Rassias stability, Ulam-Gavruta-Rassias stability and J. M. Rassias stability controlled by the mixed product-sum of powers of norms.
If the answer is affirmative, we say that the functional equation for homomorphism is stable. In 1941, Hyers [10] was the first mathematician to present the result concerning the stability of functional equations. He brilliantly answered the question of Ulam for the cases where G and H are assumed to be Banach spaces. The result of Hyers is stated in the following celebrated theorem. Theorem 1.1 (Hyers [10] ) Assume that E 1 for all x ∈ E 1 . Moreover, if f (t x) is continuous in t for each fixed x ∈ E 1 , then A is linear.
Taking the above fact into account, the additive functional equation f (x + y) = f (x) + f (y) is said to have Hyers-Ulam Stability on (E 1 , E 2 ). In the above Theorem 1.1, an additive function A satisfying (1.3) is constructed directly from the given function f and it is the most powerful tool to study the stability of several functional equations. In course of time, the theorem formulated by Hyers was generalized by Aoki [2] for additive mappings.
There is no reason for the Cauchy difference f (x + y) − f (x) − f (y) to be bounded as in the expression of (1.1). Towards this point, in the year 1978, Rassias [29] tried to weaken the condition for the Cauchy difference and succeeded in proving what is now known to be the Hyers-Ulam-Rassias Stability for the Additive Cauchy Equation. This terminology is justified because the theorem of Th. M. Rassias has strongly influenced mathematicians studying stability problems of functional equation. In fact, Th. M. Rassias proved the following theorem. [29] ) Let X and Y be Banach spaces, let θ ∈ (0, ∞) and let p ∈ [0, 1).
Theorem 1.2 (Rassias
for all x, y ∈ X , then there is a unique additive mapping A : X → Y such that
for all x ∈ X . Moreover, if f (t x) is continuous in t for each fixed x ∈ X , then A is linear. 
for all x, y ∈ X, where and p are constants with > 0 and 0 ≤ p < 1 2 . Then the limit
exists for all x ∈ X and A : X → Y is the unique additive mapping which satisfies
for all x ∈ X . If p < 0, then the inequality (1.6) holds for x, y = 0 and (1.
, then the inequality (1.6) holds for x, y ∈ X and the limit
for all x ∈ X . If in addition f : X → Y is a mapping such that the transformation t → f (t x) is continuous in t ∈ R for each fixed x ∈ X, then A is R-linear mapping.
This type of stability involving a product of powers of norms is called Ulam-Gavruta-Rassias Stability by Bouikhalene and Elquorachi [3] , Nakmahachalasint [17, 18] , Park and Najati [19] , Pietrzyk [20] and Sibaha et al. [30] .
A generalized and modified form of the theorem evolved by Th. M. Rassias was advocated by Gavruta [8] who replaced the unbounded Cauchy difference by driving into study a general control function within the viable approach designed by Th. M. Rassias. The following theorem provides his result.
Theorem 1.4 (Gavruta [8]) Let G and E be an abelian group and a Banach space respectively, and let
for any x, y ∈ G, then there exists a unique additive function A : G → E with
if f (t x) is continuous in t for each fixed x ∈ G, then A is a linear function.
This type of stability is called Generalized Hyers-Ulam Stability. The investigation of stability of functional equations involving with the mixed type product-sum of powers of norms is introduced by Rassias [22] . In 2008, Rassias et al. [22] discussed the stability of quadratic functional equation
for any arbitrary but fixed real constant m with m = 0; m = ±1; m = ± √ 2 using mixed product-sum of powers of norms. He proved the following theorem.
Theorem 1.5 Let f : E → F be a mapping which satisfies the inequality
for all x, y ∈ E with x ⊥ y, where and p are constants with , p > 0 and either m > 1; p < 1 or m < 1; p > 1 with m = 0; m = ±1; m = ± √ 2 and −1 = |m| p−1 < 1. Then the limit
exists for all x ∈ E and Q : E → F is the unique orthogonally Euler-Lagrange quadratic mapping such that
for all x ∈ E. [3] [4] [5] 7, 9, [14] [15] [16] 23] ). Many research monographs are also available in functional equations, one can see [1, 6, [11] [12] [13] .
In the year 2010, Ravi and Senthil Kumar [24] investigated the generalized Hyers-Ulam stability for the reciprocal functional equation
( Later, Rassias et.al. [26] introduced the Reciprocal Difference Functional equation
and the Reciprocal Adjoint Functional equation 
where k 1 and k 2 are any integers with k 1 = k 2 and
where k 1 and k 2 are any integers with k 1 = −k 2 . Wang et al. [32] introduced four Ulam's type stability concepts and obtained Ulam's type stability results for impulsive ordinary differential equations by applying the integral inequality of Gronwall type for piecewise continuous functions.
Wang and Zhang [33] established two existence and uniqueness results and investigated Ulam-HyersMittag-Leffler stability on a compact interval for fractional-order delay differential equation with respect to Chebyshev and Bielecki norms.
In this paper, we obtain the solution of a new generalized reciprocal type functional equation in two variables of the form
where k > 2 is a positive integer and investigate the generalized Hyers-Ulam stability of Eq. (1.22) in nonArchimedean fields. We also present the stability results concerning Hyers-Ulam-Rassias stability, UlamGavruta-Rassias stability and J. M. Rassias stability controlled by the mixed product-sum of powers of norms.
Preliminaries
A non-Archimedean field is a filed K equipped with a function (valuation) |.| from K into [0, ∞) such that for all x, y ∈ K, (i) |x| = 0 if and only if x = 0 (ii) |x y| = |x||y| and (iii) |x + y| ≤ max{|x|, |y|}.
Clearly |1| = | − 1| = 1 and |n| ≤ 1 for all n ∈ N. An example of a non-Archimedean valuation is the mapping |.| taking everything but 0 into 1 and |0| = 0. This valuation is called trivial. Another example of a non-Archimedean valuation on a field K is the mapping Proof Let f satisfy (1.16). Replacing (x, y) by (x, x) in (1.16), we get f (2x) = 1 2 f (x), for all x ∈ R * . Now, substituting (x, y) by (x, 2x) in (1.16), we obtain f (3x) = 1 3 f (x), for all x ∈ R * . Similarly, it is easy to prove f (
, for all x ∈ R * . Therefore, by induction, we can prove f (nx) = Conversely, suppose f satisfy (1.22) . Replacing (x, y) by (
) in (1.22), we obtain (1.16) which completes the proof.
Generalized Hyers-Ulam stability of (1.22)
Throughout this Section, let us assume K and M to be non-Archimedean fields. Also, we assume that
For the sake of convenience, let us take
for all x, y ∈ K.
Theorem 4.1 Let
for all x, y ∈ K * . Suppose that f : K * → M is a mapping satisfying the inequality
for all x, y ∈ K * . Then there exists a unique reciprocal mapping R :
for all x ∈ K * . Now, replacing x by x 2 in (4.4), we obtain
for all x ∈ K * and all non-negative integers k. Thus, the sequence { For each x ∈ K * and non-negative integers n, we have
Applying (4.7) and letting n to infinity, we find that the inequality (4. Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction in any medium, provided the original author(s) and the source are credited.
